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Abstract 
           The purpose of this study is to investigate the effects of a problem-based learning (PBL) Approach on attitude, 
misconception and mathematics performance among university students. The results showed PBL teaching approach is more 
effective than traditional methods in teaching mathematics. PBL could influence students’ performance and attitude toward 
mathematics. In addition, the result of LSD-Test showed PBL approach does not have significant influence on students’ 
performance in a short time. Although the study showed that the PBL approach, in comparison with traditional approach, 
appeared to reduce students’ misunderstandings and misconceptions of the mathematics, it didn't find significant difference 
between two groups. 
© 2010 Elsevier Ltd. All rights reserved. 
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1. Introduction 
  
         During the last decade, considerable interest has been paid to the design of constructivist learning 
environments. In fact, the purpose of Constructivist instructional design is to supply generative mental construction 
“tool kits” embedded in relevant learning environments that facilitate knowledge construction by learners. Contrary 
to traditional instruction approaches, constructivism present a diverse set of affective and pragmatically suggestions 
for learning and instructional principles (Karagiorgi, & Symeou, 2005). 
        Problem Based Learning (PBL) and Inquiry-based learning as pedagogical approaches have been considered 
for effective learning. PBL is described as a learning approach where problems drive the learning. Learning begins 
with a scenario carrying a real-life problem to be solved, which students need to solve by means of the knowledge 
and required information they have already acquired. The problems are said to be ill-structured because students 
have insufficient information to arrive at a solution, and are therefore required to identify what they need to acquire 
and apply in order to solve the problem. Rather than seeking for a single correct answer, students interpret the 
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problem, collect required data, devise possible solutions, evaluate options, and offer conclusions. Applying PBL 
approach traces back to the late 1960s at the medical school of McMaster University in Canada.  
 
             Barrows and Tamblyn, (1980) asserted that, PBL is an instructional method in which students learn through 
solving problems and reflecting on their experiences (cited in Hmelo-Silver & Barrows, 2006). In problem based 
learning, new knowledge is acquired in the context of some meaningful problems or situation. Students actively 
engage with the cases and build their own understanding under the guidance of the instructor, but the instructor does 
not do the building for the students (Lai & Tang, 1999). 
           The PBL method requires students to become responsible for their own learning. The PBL teacher is a 
facilitator of student learning, and his/her interventions diminish as students progressively take on responsibility for 
their own learning processes. Hmelo-Silver(2004) pointed out that the PBL method carry out in small, facilitated 
groups and takes advantage of the social aspect of learning through discussion, problem solving, and study with 
peers. The facilitator guides students in the learning process, pushing them to think deeply, and models the kinds of 
questions that students need to be asking themselves, thus forming a cognitive apprenticeship (Collins et al., 1989). 
As a cognitive apprenticeship, PBL situates learning in complex problems (Hmelo-Silver, 2004). Facilitators make 
key aspects of expertise visible through questions that scaffold student learning through modeling, coaching, and 
eventually fading back some of their support. In PBL the facilitator is an expert learner, able to model good 
strategies for learning and thinking, rather than providing expertise in specific content. This role is critical, as the 
facilitator must continually monitor the discussion, selecting and implementing appropriate strategies as needed. As 
students become more experienced with PBL, facilitators can fade their scaffolding until finally the learners adopt 
much of their questioning role. In such generative environments, Student will attempt to learn his/her knowledge 
along and with guidance of his/her teacher.  The challenge for the teacher is to provide affordances for this 
constructive processing in the same way as Chi, Siler, Jeong, Yamauchi, and Hausman (2001) have argued that good 
tutors do. 
 
 
2. PBL Methods 
 
1) Barrows and Myers Model 
This model includes five major steps: (1) introducing the PBL concept and forming classroom environment, (2) 
introducing problem configuration and assigning duties, (3) analyzing collected information critically, (4) deriving a 
solution for the problem, and (5) abstracting obtained knowledge and self-evaluating (Savery& Duffy, 1995). 
2) Fogarty Model 
            Fogarty (1997) asserts that PBL engages learners in intriguing, real and relevant intellectual inquiry, 
allowing them to learn from these life situations.  He suggests seven major steps for the PBL approach: (1) facing a 
problem: assigning a poorly structured problem to students, (2) defining the problem: restating the problem in their 
own words, (3) making assumptions: establishing background theories and necessary assumptions, (4) searching: 
searching and collecting information, (5) modifying: updating the initial problem statements based on the collected 
information, (6) finding alternative solutions: creating ideas for alternative solutions through communications, and 
(7) evaluating: evaluating a proposed solution to the problem (Fogarty). The above applications represent common 
procedures employed in various PBL models and they are as follows: presenting a problem, solving the problem 
through individual or team activities, and evaluating the output as well as the overall course of actions. However, a 
series of actions can be adjusted in order to fit a special purpose learning group or environment. In the next section, 
the PBL approach applied to software engineering education is examined. 
            Also Lai and Tang (1999) pointed out that, the main characteristics of problem-based learning are: 
9 use of real-world problems; 
9 encouragement of students’ active participation; 
9  integration of diverse view points; 
9  encouragement of self-directed learning; 
9  encouragement of team collaboration; 
9  enhancement of education quality;  
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3. Methodology 
 
           The subjects of this study were 83 students that enrolled in applied mathematics in university of 
Ghorveh in western Iran. 41 students were placed in experimental group and the other 42 were placed in control 
group randomly. The control group received traditional teaching methods and the experimental group had their 
lessons based on problem-based learning approach and based on Fogarty model in one semester (three month). 
Before starting the study, Fennema-Sherman (1976) scale and researcher made math test were employed to assess 
the students’ attitude toward mathematics and prior knowledge; the result of T- test showed no significant difference 
between two groups at 0.05 level. Thus, everything was suitable for carry out the study. In this study, to measure 
scholastics achievement, three mathematics tests were conducted on students in both groups. Test I after one month, 
test II after two months, and test III after three months. The score of each test was 20. At the end of semester, in 
order to investigate the possible changes in student's attitude- in both groups- towards mathematics, fennema-
Sherman scale was conducted on students once again. Furthermore, to measure the students' misconceptions in 
mathematics, we used a test that included common misconceptions and comprised 10 problems. Fennema-Sherman 
scale is consist of nine sub-scales as follows; attitude toward success in mathematics, mother's attitude toward 
mathematics, father's attitude toward mathematics, mathematics anxiety, motivation, efficacy of mathematics, 
attitude toward mathematics Teachers, self-confidence in learning of mathematics, mathematics as an male area. 
The mean score of each sub-scale that consisted of 12 statements is 36, and the scale's total mean is 324. If a 
person's attitude score was more than 324, that means he has a positive attitude toward mathematics and less than 
162 is indicative of negative attitude. This number is obtained according to the formula    in which . 
 In present study, we used T-independent test, ANOVA, LSD test, and descriptive statistics to analysis of data. 
 
4. Data analysis 
 
As mentioned above, three mathematics tests conducted on students in both group during three months. 
The results showed that in test I, the scores mean on students in control group was more than experimental group, 
but didn't find significant difference at the 0.05 level (t[81]=0.56, p=0.31). Although in test II, the scores mean on 
students in experimental group was more than control group, didn't find significant difference at the 0.05 level 
(t[81]=0.43, p=0.37). The result of test III was different from prior tests. The result showed, the scores mean on 
students in experimental group was more than control group and this difference was significant at the 0.05 level 
(t[81] =2.49, p=0.02). The results are summarized in table 1. 
 
Table 1: The results of T-independent samples test to compare scholastic achievement in both groups based on 
mathematics tests 
Tests Groups Number  Mean  Std. 
Deviation  
t  
  
df  
  
Significance 
level         
 
 
Test I 
 
experimental 41 14.29  5.76  0.56 
  
81  Level 95% 
P=0.31  control  42 14.73 6.34  
Test II experimental  41  14.96 6.28  0.43  
  
81  Level 95%  
P=0.37 
control  42  14.52  6.71  
Test III  experimental  41  16.11  7.31  2.49  81  Level 95% 
 
P=0.02 control  42  15.07      8.25     
 
         The result of LSD test on three mathematics tests for the experimental group showed that, there 
wasn't a significant difference between test I and test II at 0.05 level. Thus, we conclude that the problem- based 
learning approach hasn't impacted on scholastic achievement in the short time. But the results showed there is a 
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statistically significant difference between test III with the other two tests at 0.05 level. The results are summarized 
in table 2.  
 
Table 2: The results of LSD test between three tests for scholastic achievement of experimental group 
 
tests  Mean 
Difference 
Std. 
Error 
Sig. 95% Confidence Interval 
Lower Bound Upper Bound 
I II -0.67 .409 .08 -1.438 .724 
III -1.82* .435 .01 -2.76 -.81 
II I 0.67  .409 .08 .724 -1.438 
III -1.15* .457 .03 -2.21 -.93 
III I 1.82* .435 .01 .81 2.76 
II 1.15* .457 .03 .93 2.21 
 
            Furthermore, the result of LSD test on three mathematics tests for control group showed that, there 
wasn't statistically significant difference between mean scores of tests at 0.05 level. The results are summarized in 
table 3. 
 
Table 3: The results of  LSD test between three tests for scholastic achievement of control group 
 
tests  Mean 
Difference 
Std. 
Error 
Sig. 95% Confidence Interval 
Lower Bound Upper Bound 
I II .21 .613 .14 -.47 .78 
III -.32 .627 .11 -.81 1.03 
II I .21  .613 .14 -.78 .47 
III -.55 .602 .09 -1.12 .52 
III I .32 .627 .11 -1.03 .81 
II .55 .602 .09 -.52 1.12 
 
At the end of semester, in order to investigate the possible changes in student's attitude- in both groups- 
towards mathematics, the Fennema-Sherman scale was conducted on students once again. From the data in the table 
4, it is clear that the mean difference of student's attitude score in the experimental group has a significant difference 
for the control group and this difference is significant at  level (t [81] =2.33, p=0.031). In the other words, the 
change in student's attitude of experimental group has mainly due to problem based learning approach.  
 
Table 4: Results of T-independent samples test in comparing attitude scores means between two groups 
groups N Mean Std. Deviation t df Sig(2-tailed) 
experimental 41 309.16 20.75 2.33 82 0.031 Control 42 304.77 24.82 
 
It is clear from table 4 that  mean score of student's attitude for experimental group is 309.16 and for control group is 
304.77, which are lower than scale's mean (324). In addition, by using Binomial test, it has been seen that both 
groups have negative attitude toward mathematics at the end of  semester. The results are summarized in table 5. 
 
Table 5: the Results of Binomial test to investigate of student's attitude at the end of semester 
groups Category N Observed 
Prop 
Test prop  Asymp. 
Sig(2-tailed) 
experimental        
              group 1 
               group 2 
                  total       
 
ޒ= 324 
ޓ 324 
 
 
    28 
    13 
    41 
                   
.68 
.32 
1.00 
.50 
 
             .021 
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control                  
             group 1 
               group 2 
                  total       
 
ޒ= 324 
ޓ 324 
 
 
    34 
    8 
    42 
                   
.79 
.21 
1.00 
.50 
 
             .000 
            Furthermore, in order to investigate the effect of PBL approach on students' misconceptions in mathematics, 
we used a test that includes common misconceptions and comprised 10 problems. As the results demonstrated 
however the mean of misconceptions among students of PBL groups was less than others who were in traditional 
group but there was no statistically significant difference at level 0.05.  
  
Table 6: Results of T-independent samples test to compare attitude scores means between two groups 
groups N Mean Std. Deviation t df Sig(2-tailed) 
experimental 41 3.45 2.13 
. 64 81 0.12 Control  42 4.18 2.76 
 
 
5. Conclusion  
 
The purpose of this study was to investigate the effects of problem-based learning approach on attitude, 
misconception and mathematics performance among university students. The results showed PBL teaching approach 
is more effective than traditional method in teaching mathematics. This method could influence students’ 
performance and attitude toward mathematics.  As a matter of fact, there was a significant difference (p<0.05), on 
students’ mathematics achievement and their attitude between experimental and control groups. In addition, the 
result of LSD-Test of the experimental group showed there was no significant difference between scores of Test I 
and Test II. It means the PBL teaching method did not have a great and significant influence on students’ 
achievement in a short time. Furthermore, while students’ attitude toward learning mathematics was affected by the 
PBL approach, the result of Binomial Test showed their attitude was very slow changing during semester. Also, it 
was clear that the PBL teaching approach, in comparison with traditional methods, helped to reduce students’ 
misunderstandings and misconceptions of the mathematics. 
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